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)
: ABdα







$ Cα = 1 + (s + α(t− s))B % 
 |1 − Cα| ≤ γ2 
 det Cα > 07 $  22 ';(







 	 !    





 Ω ⊂ Rd      		 

 W : Ω → [0,∞]
	  (  '
 
 {Fn ; n ∈ N0 } ⊂ L1(Ω, Md×d)   	) 





W (F0) dx < ∞  J(Fn) → J(F0)  n → ∞. '(
  Fn DW (Fn) ⇀ F0 DW (F0)   L1(Ω)
? 2! ! 22  
    
  











  	 2   	 
   !$/
 		 '*"+$ %
 E : [−t0, t0] × L1(Ω, Md×d) → [0,∞] 	
	
! '  |t| ≤ t0  {Fn ; n ∈ N0 } ⊂ L1(Ω, Md×d) 
 T (Fn) ⇀ T (F0)  
L1(Ω) 
 	 lim infn→∞ E(t, Fn) ≥ E(t, F0)
#  E(0, F ) < ∞   & F ∈ L1(Ω, Md×d) 
 E(·, F ) < ∞  
  

[−t0, t0]  t → E(t, F ) 	 ,
  [−t0, t0]
;
- '  R > 0 &	
	  	  

 ωR : [0, 2t0] → [0,∞) 	 

 
 F ∈ L1(Ω)  
E(0, F )≤ R ⇒ ∀s, t ∈ [−t0, t0] : |∂tE(s, F ) − ∂tE(t, F )| ≤ ωR(|s − t|). '(
    t ∈ (−t0, t0) 
  
 	.
T (Fn) ⇀ T (F0)   L1(Ω)
E(t, Fn) → E(t, F0) < ∞
}
⇒ ∂tE(t, Fn) → ∂tE(t, F0). '*(








 ωR : [0, 2t0] → [0,∞) $ 
ωR(s) → 0 ! s ↘ 0   2! ! 22  






 E(t, F )/ : B ∈ L∞(Ω, Md×d) 
 t0 = γ2/(2 ‖B‖L∞(Ω)) $  γ2 !
   F ∈ L1(Ω) 
 |t| ≤ t0 $ @

E(t, F ) =
∫
Ω
W (F (x)(1 + tB(x)) dx. '1(
? 22  !  




 Ω ⊂ Rd      
 
 		
	  (   	
	
'  R > 0 
    E(·, ·) 	    [−t0, t0] ×MR
 MR = {F ∈ L1(Ω) ; E(0, F ) ≤ R } * 
 
 t → E(t, F ) 	 ,(

  [−t0, t0]   & F ∈ MR 
∂tE(t, F ) =
∫
Ω






 c(R, B) > 0 	 

   F ∈ MR  |t| ≤ t0




 L = L(R, B) > 0 	 

   s, t ∈ [−t0, t0]  
F ∈ MR
|∂tE(t, F ) − ∂tE(s, F )| ≤ L(R, B) |t − s| . ',(
' & t ∈ [−t0, t0]   	) {Fn ; n ∈ N0 } ⊂ L1(Ω) 
 T (Fn) ⇀ T (F0) 
L1(Ω) 
 
 E(t, ·) 	
		 lim infn→∞ E(t, Fn) ≥ E(t, F0)

	 : B ∈ L∞(Ω, Md×d) ? 	
 ! 	

 ! E(·, ·) 




 !   '*( : t ∈ [−t0, t0]7 F ∈ MR 
 h ∈ R\{0}









DW (F (1 + (t + αh)B)) : (FB)dα dx. '<(
% 
 W   $   B
  








	 DW (F (x)(1 + (t + αh)B(x))) → DW (F (x)(1 + tB(x)))  $  
 Ω !
,
h → 0 )7 !  F ∈ MR7 |t| ≤ t07 α ∈ [0, 1]7 h ∈ R\{0} $  |t + h| ≤ t0 

  x ∈ Ω 	2 
 '1(  2  ∣∣∣F (x)DW (F (x)(1 + (t + αh)B(x)))∣∣∣ ≤ c1(W (F (x)) + 1). '+(




$   '(  
';( !$ ! '+(7 




  2! !    
  
  1  {Fn ; n ∈ N0 } ⊂ L1(Ω)   6	





   	 2   
! 5	  7 adjs(AB) = adjs(B) adjs(A) ! A, B ∈ Md×d 
 1 ≤ s ≤ d7
9G ,7 =2 ,>7   !$  T (Fn(1 + tB)) ⇀ T (F0(1 + tB)) $&  
 L1(Ω)
! n → ∞  $ % 
  
 




lim infn→∞ E(t, Fn) ≥ E(t, F0)
J2  
    
$   
 
 !  * 
 1/

   		 : B ∈ L∞(Ω, Rd×d)7 t0 = γ2/(2 ‖B‖L∞(Ω)) 
 @

E(t, F ) =
∫
Ω W (F (1+ tB)) dx ! F ∈ L1(Ω) : !	 {Fn ; n ∈ N0 } ⊂ L1(Ω) 
 6	
  ! 




  * 













 B ∈ L∞(Ω, Rd×d)    7  2! ! 22  






    !  
 







  *     ',( I
 	 . '(  2 

  $   $& 	2 
 !  !$ 
 2/   r > 0 .   		 !

 
	  ωr : [0, 2tr] → [0,∞) $  tr = γ1/(2r) 	 ∣∣∣(ADW (A(1 + tB)) − ADW (A(1 + sB))) : B∣∣∣ ≤ ωr(|t − s|)(W (A) + 1)
!  s, t ∈ [−tr, tr]7 A ∈ Md×d+ 




  $   !$ 
 
  







 Ω     		
  Rd  
 h : Ω × Rm → [0,∞] 	
	
! h(x, ·) : Rm → [0,∞] 	 &  
	  	
  x ∈ Ω
# h(·, ξ) : Ω → [0,∞] 	 	   ξ ∈ Rm
%
 
 { vn ; n ∈ N0 } ⊂ L1(Ω, Rm)   	) 






h(x, v0(x)) dx < ∞  J(vn) → J(v0). '(
  h(·, vn(·)) ⇀ h(·, v0(·))   L1(Ω)
<

	 : ϕ ∈ L∞(Ω)    
 β = ‖ϕ‖L∞(Ω) ? 
 
  h̃(x, v) :=




  @ ! 
 # !   ?	  !	
 

v → J1(v) =
∫




1(Ω)7   9= +*7
? ,*>7 
 !  6	






































 !   !$  





   $  
  











 W : Md×d → [0,∞] 	
	    p > d  
 {un ; n ∈ N0 } ⊂ W 1,p(Ω)  
	) 

un ⇀ u0   W
1,p(Ω), '(
J(un) → J(u0) =
∫
Ω
W (∇u0) dx < ∞  n → ∞. '*(
  ∇un DW (∇un) − W (∇un)1 ⇀ ∇u0 DW (∇u0) − W (∇u0)1   L1(Ω)





 '(  2   adjs(∇un) ⇀
adjs(∇u0) $&  
 Lp/s(Ω) ! 1 ≤ s ≤ d 
 	   
 T (∇un) 
 
T (∇u0) $&  






   	
 
 !  @
  
	 ! : 2 F  




 ! 9)7 G;,> 
 : 2 F  
 
      
   
 $  







 $  : 2 F 	
   $    




 *7  !   
  
 22



















 ! p$ !
 p > 1 ?  
   .  









 Ωδ $  & Cδ
c3(1 + |A|p)7 |DW (A)| ≤ c(1 + |A|p−1) 

∣∣D2W (A)∣∣ ≤ c(1 + |A|p−2) 	7
Γ : (0,∞) → [0,∞)   
.7 $   B
 7 Γ(s) → ∞ ! s → 0 
  @
|sΓ′(s)| +
∣∣s2Γ′′(s)∣∣ ≤ c(Γ(s) + 1) !  s > 0 
  

 c > 0  .27
Γ(s) = sr + s−r !  r > 1 ? 2! !   




 ! A ∈ Md×d+ 7 B ∈ Md×d/
DA(det A) = cof A, A cof A = (det A)1,(
DA(Γ′(det A) cof A)
)
[AB]
= Γ′′(det A)(cof A : (AB)) cof A + Γ′(det A)(DA cof A)[AB],
(DA cof A)[AB] = DA(cof A : (AB)) − (cof A)B = (cof A)((tr B)1 − B).
C7 cof A ∈ Md×d 
  !  . ! A








    2    	 
7

    &  
  $  
 
  : Sδ = {x ∈ R2 ; x2 = 0, x1 ≤ δ }
! δ ∈ R
  Ω̃ ⊂ R2    	
  
 $  : 2 F 	
7 0 ∈ Ω̃ 
  .  


 δ0 > 0 	  ∂Ω̃∩Sδ     
 2 
 !  |δ| ≤ δ0 : Ωδ = Ω̃\Sδ

 Cδ = Ω̃ ∩ Sδ ! |δ| ≤ δ0 ? 	
 ! Ωδ   2   !$/ ∂Ωδ =
Cδ ∪ ΓD ∪ ΓN 7 $ Cδ, ΓD, ΓN  2 $   5 
7 ΓD 






 ! δ 
 ΓD = ∅7  @	 
?  









   & C0 ΓD 
 ΓN 













   2 
  	 ! 
  




$ $ 2  		 
 
 ! %%& 5 2 9#+7 - <>/
  p ≥ 27 1p +
1
q = 17 gD ∈ W
1− 1
p








 f ∈ Lq(Ω̃, R2)
	7 θ ∈ C∞0 (Ω̃)    	B !	
 






 |δ| ≤ δ07 p > 1 












 2 !  
 
  ! 




$  ! |δ| ≤ δ0/
Pδ  
 uδ ∈ V p(Ωδ) 	  !  v ∈ V p(Ωδ)
I(Ωδ, uδ) ≤ I(Ωδ, v) :=
∫
Ωδ
W (∇v) dx −
∫
Ωδ




C7 〈·, ·〉ΓN 




















  p ≥ 2 
  .  

 β ∈ R7 r > 17 α1 > 0 
 α2 $  α2 = 0  ! p > 2 

α2 > 07 7 	  W (A) ≥ α1 |A|p + α2 |det A|r + β !  A ∈ M2×2
? 
 
   ! .2 ,  !    
   ? !$ 
 . 

   	   9,,>7   9= +*>
 		 %
 d = 2 p ≥ 2  		 






 infv∈V p(Ω0) I(Ω0, v) < ∞    Pδ 	  	
 uδ ∈ V p(Ωδ)
  |δ| ≤ δ0
   




 		  |δ| ≤ δ0  I(Ωδ) = min{ I(Ωδ, v) ; v ∈ V p(Ωδ) } ? 
 
 ERR(Ω0) !   
 Ω0 $  & C0 















  F uδ ! I(Ωδ, ·)/
  u∗ ∈ V p(Ω0)     
  F ! I(Ω0, ·) 
 !  δ > 0 .    
  F uδ !
I(Ωδ, ·) 	   $ 6	
 {uδ ◦ T−1δ ; δ > 0 } 
 $&  u∗  

W 1,p(Ω0) ! δ → 0 
7  ! p = 27 
 det∇(uδ ◦ T−1δ ) ⇀ det∇u∗ $&  
 Lr(Ω0)
$  r > 1 !  
  
$   !	 	  
 	
 		 %
 d = 2 p ≥ 2   (   	
	 infv∈V p(Ω0) I(Ω0, v) < ∞  

  	 




  '*( &	
	
 	 
 *  0 12
  	 .
ERR(Ω0) = max
{























 θ 	  
 
(, 
    * G(u0, θ) ≡ G(u0)
	 
  
   θ   0 u0 %
  Tδ : Ωδ → Ω0













I(Ω0, u0) − I(Ωδ, u0 ◦ Tδ)
)
. '*(
'  0 u∗  I(Ω0, ·) 
 
     ERR(Ω0) = G(u∗)
 22
  2! !      
 1* : 	 2 F   .
 	  
 '**(    
     
 2
 6	 
 $   
  F ! I(Ω0, ·) 
22    !   $	   7 
 ERR(Ω0) = G(u0) !   
  F u0
! I(Ω0, ·)   ERR(Ω0) ≥ 07  
 V p(Ω0) ⊂ V p(Ωδ) ! δ > 0 
 !
I(Ωδ) ≤ I(Ω0)  
   ! 	
 6	  
  F7 '**( 2
  !	 ! 

    
  	 
 !	 
 7   9-	,+7 =;,>
	7 $   !$ 
   !  





	  (   	






















(−h)−1(E(δ − h) − E(δ)) = max{−G(uδ) ; uδ 0	 I(Ωδ, ·) },
lim
h↘0
h−1(E(δ + h) − E(δ)) = min{−G(uδ) ; uδ 0	 I(Ωδ, ·) } = −ERR(Ωδ).
? 




	  (   	
	  
 R0 > 0 	 





 ∂1f = 0  BR0(0) ' R ∈ (0, R0) 
 ΓR = {x ∈ R2 ; |x| = R }







 n = (n1, n2)
'  0 u0  I(Ω0, ·)  	














+ (u0 · f)n1 ds. '*;(
  
  '*;( 	  
  L1(ΓR)  	
  R








 !  	B !	
 




$    
 
 !	 '**( !  
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I5 + I6 ≤ ε
∫
Ω̃
∣∣∣|u0 − uδ2 ◦ T−1δ2−δ1 |α − |u0 − uδ2 |α
∣∣∣ dy
≤ cε
(∥∥∥u0 − uδ2 ◦ T−1δ2−δ1
∥∥∥
Lα(Ω̃)
+ ‖u0 − uδ2‖Lα(Ω̃)
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 !   L  ∥∥∥uδ2 ◦ T−1δ2−δ1 − uδ2
∥∥∥
Lα(Ω̃)
≤ c(θ) |δ2 − δ1| ‖∂1uδ2‖Lα(Ω̃) ≤ c |δ1 − δ2| ,
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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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 ! δ1, δ2 
 uδ2  #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 |I5 + I6| ≤ cε |δ1 − δ2| ?
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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∣∣∣uδ2 ◦ T−1δ2−δ1 − uδ2
∣∣∣ dy ≤ |δ1 − δ2| ‖f‖Lq(Ω̃) ‖∂1uδ2‖Lq(Ω̃)

 	 |I3 + I4| ≤ c |δ1 − δ2| !  
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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 ! δ1, δ2 
 uδ2  

I1 + I2 =
∫
Ωδ2
W (∇xuδ2(∇xTδ2−δ1)−1) − W (∇xuδ2) dx
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 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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 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  |I1 + I2| ≤ c |δ1 − δ2| #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  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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 7 $    '1*(  |δ| ≤ δ07  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∣∣Iε0(u0; uδ ◦ T−1δ ) − Iεδ (u0; uδ)∣∣+ |Iεδ (u0; uδ) − Iε0(u0)|

 '1,('1+( $  δ1 = 0 
 δ2 = δ
? 
.  2   !	 !  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|· − u|α dx $  2   2 {u ◦ Tδ ; |δ| ≤ δ0 } ! 
 u ∈ V p(Ω0)
 		 %
      (   	
	 ε ≥ 0  α ∈ (1, p] '
 

u ∈ V p(Ω0) 
 I(Ω0, u) < ∞  
 θ  	  
   Tδ(x) = x−δ(θ(x), 0)
  
 
 δ → Iεδ (u; u ◦ Tδ) 	 ,










δ−1 (Iε0(u; u) − Iεδ (u; u ◦ Tδ)) = G(u, θ) '1(

 G(·, ·)  '*1(
+
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  !	 
 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   ! '1(    
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 
























∣∣∣u − uδ∣∣∣α dy
= I1 + . . . + I4,
$ f δ(y) = f ◦ T−1δ (y) 
 $ $  	 
∫
Ω0
f · u dx −
∫
Ωδ
f · uδ dx =∫
Ω̃ f · (u − uδ) dx : 1 22   I4  ∣∣δ−1I4∣∣ ≤ ε|δ|c(θ)
∥∥∥u − uδ∥∥∥α
Lα(Ω̃)
≤ ε |δ|α−1 c(θ) ‖∂1u‖αLα(Ω̃)

 	 δ−1I4 → 0 ! δ → 0  
 α ∈ (1, p] # 
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|1 −∇xTδ(x)| ≤ |δ| ‖∇θ‖L∞(Ω̃) ≤ γ1 '1*(
$  γ1 !  7  ! |δ|   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  DW (∇yu(y)) : (∇yu(y) ( 10 ) ⊗ ∇θ) !
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 s 
 y 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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 






 y ?	   
 



















! δ → 0 ?  @
   2! ! 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 {uδn ; n ∈ N } 
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  (   	
	 p ≥ 2 α ∈ (1, p]  ε ≥ 0 %
 
 u0 ∈ V p(Ω0)

 I(Ω0, u0) < ∞  
 {uδn ; n ∈ N } ⊂ V p(Ω0)   	) 
 δn → 0  n → ∞

uδn ⇀ u0   W
1,p(Ω0)  n → ∞, '1(
det∇uδn ⇀ det∇u0   Lr(Ω0) 
 r     p = 2, '1;(
Iε0(u0; u
δn) → Iε0(u0; u0) = I(Ω0, u0)  n → ∞. '1,(




δn) − Iεδn(u0; u
δn ◦ Tδn)
δn
= G(u0, θ) '1<(

 G(·, ·)  '*1(
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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  2! : {uδ ; δ = 0 } 
 u0   
  
 




 Iεδ (u0; u
δ ◦ Tδ) $  

Iε0(u0; u
























∣∣∣u0 − uδ∣∣∣α − |u0 − uδ|α) dy
= I1 + . . . + I4. '1+(
C7 uδ = uδ◦Tδ  













+ ‖u0 − uδ‖Lα(Ω̃))
α−1 ‖∂1uδ‖Lα(Ω̃) . '1*(

  !$ !  22 
 22  ! Tδ7 	2 
 '1( 
 α ∈ (1, p]  
 !  
 '1*(   	
 ! 	
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+ |δ| ‖∂1uδ‖Lα(Ω̃) .
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  0 ! δ → 0 # $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 $
 
δ−1I4 → 0
! δ → 0 # 







f · (uδ − uδ) dy → −
∫
Ω̃
θf · ∂1u0 dy

    
  	     ! δ−1I1 








 '1(K'1,( 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(W (∇yuδ) − W (∇xuδ)) dy
= I11 + I12.
  ∇xuδ(y) = ∇yuδ(y)∇xT δ 







∣∣δ−1I12∣∣→ 0 ! |δ| → 0  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 
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DW (∇yuδC(y, s, δ)) − DW (∇yuδ)
)
: ( 10 ) ⊗∇xθδ ds dy
= I111 + I112. '1*(






   
	 |δ|7
  ',(  
|I112| ≤ c(θ) |δ|
∫
Ω0
(1 + W (∇yuδ) dy

 	 I112 → 0 ! δ → 0  22  
    !$  ∇uδ

DW (∇uδ) ⇀










∇u0 DW (∇u0) : ( 10 ) ⊗∇θ dy.
?  @
 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 2! !  11
  	  	  	 ε > 0
 2 
$  *; 
  
   ! 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 
 Iεδ (u0; ·) ! @.
ε > 0 :  	2 
 !  *;  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7 ε > 0 
  u0 ∈ V p(Ω0)  
 
  F ! I(Ω0, ·)    u0    	
 6	  




δ−1(Iε0(u0) − Iεδ (u0)) = G(u0, θ) '1*(
$  G(·, ·) ! '*1( 
   θ !   : { δn ; n ∈ N, δn > 0 }   6	

$  δn ↘ 0 ! n → ∞ 
  {uδn ; n ∈ N }   










≤ δ−1n (Iε0(u0; uδn ◦ T−1δn ) − I
ε
δn(u0; uδn)). '1**(
C7 Tδ(x) = x− δ(θ(x), 0)     B2   
	  
  
 1 :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0(u0; u0) − Iεδn(u0; u0 ◦ Tδn)) = G(u0, θ). '1*1(
  1 $ &
$   6	
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 
 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 	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 $  
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 W 1,p(Ω0) 
 	
 6	  
  F u0 ! Iε0(u0; ·)  
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 
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    $
6	
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0(u0; uδn ◦ T−1δn ) − I
ε
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 '1*( ! 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 δ ↘ 0
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  δn ↗ 0 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 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 
	  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 δn ↘ 07 $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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 '1**(  ≥ % 
 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  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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 !  	B
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 
 θ7   !$  G(u0, θ)     
2

 ! 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 ! θ ?  @
  
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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 ! 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 
 ε = 0 ?     $ 
lim
δ↘0
δ−1(I(Ω0) − I(Ωδ)) = max{G(u0, θ) ; u0  
  F I(Ω0, ·) } '1*;(
$  G(u0, θ) ! '*1( ? 5  B
    $  ε > 0 ' *;(   
I(Ω0, ·) 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  
  F )7 $ 

 2 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  
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 u0 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6	
 !  
  F uδ ! I(Ωδ, ·) 	  
$ 6	
 {uδ ◦ T−1δ ; δ > 0 } 
 $&  u0 ! δ ↘ 0  !   $	
  7 $ 	 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 2 
	    ε > 0 
 $	  

ERR(Ω0) = G(u0, θ) !   
  F u0 ! I(Ω0, ·)
 $  
$ 2 '1*;( : θ  
  
      δ > 0 
 
 
  F u0 ! I(Ω0, ·) $ 
δ−1(I(Ω0) − I(Ωδ)) ≥ δ−1(I(Ω0, u0) − I(Ωδ, u0 ◦ Tδ)) '1*,(
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 1*7   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  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δ−1(I(Ω0) − I(Ωδ)) ≥ sup{G(u0, θ) ; u0  
  F I(Ω0, ·) }. '1*<(
  !$ !  	

 ! 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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	2 
   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{ δn ; n ∈ N }   6	
 $  δn ↘ 0 ! n → ∞ 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 {uδn ; n ∈ N } 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  F
! I(Ωδn , ·)  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 1 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 	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 { δnk ; k ∈ N } 
   
  F u0
! I(Ω0, ·) $  uδnk ◦ T
−1
δnk
⇀ u0 $&  





δ−1nk (I(Ω0) − I(Ωδnk )) ≤ limδnk↘0
δ−1nk (I(Ω0, uδnk ◦ T
−1
δnk
) − I(Ωδnk , uδnk ))
= G(u0, θ) ≤ sup{G(v, θ) ; v  
  F I(Ω0, ·) }.
?	 $  $
   6	
 δn ↘ 0 
 
  	6	
 δnk ↘ 0 $ 
lim sup
δnk↘0
δ−1nk (I(Ω0) − I(Ωδnk )) ≤ sup{G(u0, θ) ; u0  
  F I(Ω0, ·) }. '1*+(
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 		 2!  
  





 '1*+(  
lim
δ↘0
δ−1(I(Ω0) − I(Ωδ)) = sup{G(u0, θ) ; u0  
  F I(Ω0, ·) }. '11(
1
  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 
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 {un ; n ∈ N }   6	
 !  
  F !
I(Ω0, ·) $  G(un, θ) → sup{G(v, θ) ; v  
  F I(Ω, ·) } ?
  .   	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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  {un ; n ∈ N }7 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  
  F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
un ⇀ u0 $&  
 V p(Ω0) 
7  ! p = 27 det∇un ⇀ det∇u0 $&  
 Lr(Ω0) $ 
r > 1 !   % 
 I(Ω0, un) = I(Ω0, u0) !  n7   !$  
 2 	 ∫
Ω0
W (∇un) dy →
∫
Ω0
W (∇u0) dy ! n → ∞ ?	7 22  
  
 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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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 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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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δ−1(I(Ω0) − I(Ωδ)) ≤ lim sup
δ↘0
δ−1(I(Ω0, uδ) − I(Ωδ, uδ)) = G(u∗, θ)

  $  '1*<( $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 
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 
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 **
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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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 u0 ! I(Ω0, ·) $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 
 !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∂1θ u0 · f dy.
?	7  - 8 !	 '*1( 
  $ 
  !$ !   θ ∈ C∞0 (Ω̃) $ 
θ = 1 




F (x) · ∇θ(x) dx, '11(
$ F ∈ L1(Ω0) 















F (x) · ∇θ̃ dx '11*(
!  θ̃ ∈ C∞0 (Ω̃) $  θ̃ = 0 
  &  2 0 : R0 > 	  BR0(0)  Ω̃  




















 F ∈ L1(Ω0)7 	 
 E  	
  g ∈ L1(0, R0)  $ ? 
! A	  G
  2  
$   .   

 κ 	  g(r)r = κ !
  r ∈ (0, R0) ? $  '11( $  
 @
  g(r)r = κ = −G(u0)
!   r7 $  @





$  $   !  &  $  2
  
  7 $ 
   	
2  	 
 ?    2 










   V p(Ωδ) !    ! 
 @ I
 2 
      2 V p(Ωδ) 
Ṽ p(Ωδ) = {u ∈ W 1,p(Ωδ) ; u
∣∣
ΓD
= gD, (u+ − u−) · ( 01 ) ≥ 0 
 Cδ },
$ u±     ! u 
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  
 Ωδ,∫
Ωδ
det∇u dx ≤ vol(u(Ωδ))
}
'(
! p > d # 
7  22 












p > d   V p(Ω)     








 22   	
 




7   	 
      	  
 
      
 2 	   !
  
 $  &7 $  $  
	  
  




   
 
$  2 $ 	 
  








 !  ! '( 




? 	 !  2 	  
  











  W   $   B
  
  .  

 ci > 0 
 p ∈ (1,∞) 	 
!  A, B ∈ Md×d
0 ≤ W (A) ≤ c1(1 + |A|p), '(∣∣∣AD2W (A)[AB]∣∣∣ ≤ c2(W (A) + 1) |B| . '*(
   
6	  '(  2   
 2 	  |DW (A)| ≤ c(1+ |A|p−1)7  9A<+>7

 !7   '(     D
 	2 
 '( $  p ∈ (1,∞)7 22  

  
    ! 
 2 '(  {un ; n ∈ N0 } ⊂ W 1,p(Ω)7 un ⇀ u0 $&  

W 1,p(Ω) 
 Fn = ∇un :  








W : Md×d → [0,∞) 	 )	&  

 '( 	  	 p ∈ (1,∞) %

{un ; n ∈ N0 } ⊂ W 1,p(Ω)   	) 









  W (∇un) ⇀ W (∇u0)   L1(Ω)






 J : W 1,p(Ω) → R7 u →
∫





$  2  
   $   
#	 
   
  K 7  

 	 !  
 1  $  
	 
  




$     
   $  !
 2
.  









 	  4
 *	7 25 = 
 =
#	
9#+> G # # 5 5	7 	 ; !   / *

	















 * /7 ;*/**,K1*7 +,,
,
9> R )  % 2
 2  




	  	 7    
 +"
 
  8 9 *	7
2 *K+7 $ S&7  %2 

9IJ+> J 	
7  = I$
7 
 A J  2 ). 	 2 
 2 
  2  
  !   ! 2 ! 

 
    / 	
 :
; ( /	  ;7 </+K,7 ++









 ! J & ) )& */1,;1<<7 +;,
9=,+> - J =2
 *	  

 
 )-$C   
7 $ S&7
+,+









9=<,> J - =  

























N  G  




9A?> - A )7 - # 
!7 





    / 6
 * /7 ,;'(/;K7 
9> R A  I
  ! 
 
    




 # ) & . 








  8   *












9- > # # - 8 ? 2

 ! 	2	 
 P$  
   	  	 6
5 % 5 /7 /;*K+<7 +
9- <> J -  9










 J %	6	 	
 








    





























 	.  
			  
	 JA  7 D
  U %	7  2/44 	
 
	42	4.44+4
9H%> # ) H	
 






 $  & 9 8 * />5	7 +/K
+7 
9: ;<> C : $ F7   '










	  ! 	 2  
 *	 *
7 /K<7 +<
9)<,>  - )FE 





 !  	




   *	 *





  $  
 
	  ! 	 2  

  8 *
7 /K*7 +
9O;,> R O %	 *;
	 <





 V 	7 J 7 +;,
9G ,> C G  7	 @ 7
(   	7 	 *1 !
:	@ @ *















 87 </;+K<7 +;,













 & 8 / *7 *'(/*,+K*<;7 +;<
9<> R & 
 <,
 ?	
 7 %	7 +<
+
